ABSTRACT Field assays were conducted in southeastern and southÐ central Michigan in 2011 and 2012 to optimize green and purple multifunnel (Lindgren funnel) traps for use as a survey tool for the emerald ash borer, Agrilus planipennis Fairmaire. Larger sized (12-and 16-unit) multifunnel traps caught more beetles than their smaller-sized (4-and 8-unit) counterparts. Green traps coated with untinted (white) ßuon caught almost four times as many adult A. planipennis as Rain-X and tinted (green) ßuon-coated traps and almost 33 times more beetles than untreated control traps. Purple multifunnel traps generally caught much lower numbers of A. planipennis adults than green traps, and trap catch on them was not affected by differences in the type of coating applied. However, trap coating was necessary as untreated control purple traps caught signiÞcantly less beetles than traps treated with Rain-X and untinted or tinted (purple) ßuon. Proportions of male beetles captured were generally much higher on green traps than on purple traps, but sex ratios were not affected by trap coating. In 2012, a new shade of purple plastic, based on a better color match to an attractive purple paint than the previously used purple, was used for trapping assays. When multifunnel traps were treated with ßuon, green traps caught more A. planipennis adults than both shades of purple and a prism trap that was manufactured based on the same color match. Trap catch was not affected by diluting the ßuon concentration applied to traps to 50% (1:1 mixture in water). At 10%, trap catch was signiÞcantly lowered.
Protection and Quarantine (USDAÐAPHISÐPPQ) Emerald Ash Borer Cooperative Program has conducted a multistate emerald ash borer survey (USDAÐ APHISÐPPQ 2013). The traps used to date have been glue-coated purple prism traps . In 2013, the standard purple plastic (Coroplast Inc., Dallas, TX) will be replaced with a new shade of purple (Sabic) shown to increase trap catch and detection (Þnding at least one beetle on a trap) over the standard purple (Francese et al. 2013) . They are baited with a two-component lure of manuka oil and [3Z]-hexenol. Manuka oil is a steam distillate from the New Zealand tea tree, Leptospermum scoparium J.R. and G. Forst (Myrtacea), which contains Þve antennally active compounds produced by ash bark (Crook et al. 2008 ).
[3Z]-hexenol is a green leaf volatile found to increase A. planipennis trap catch (Grant et al. 2010 (Grant et al. , 2011 Poland et al. 2011; Crook et al. 2012) .
Color vision has been found to play a signiÞcant role in buprestid and, more speciÞcally, A. planipennis trapping. Initial assays demonstrated that purple traps were attractive to a large number of buprestids (Oliver et al. 2002) , including A. planipennis (Francese et al. 2005 . Trapping studies have shown that green traps (Crook et al. 2009; Francese et al. 2010a,b) painted in the mid-range (22Ð 67%) of reßectance (brightness) and purple traps painted with a shade ("TSU purple") originally shown to be attractive to buprestids (Oliver et al. 2002) were most attractive to the emerald ash borer (Francese et al. 2010a (Francese et al. , 2013 . By performing electroretinogram assays, Crook et al. (2009) demonstrated that male and female emerald ash borers are sensitive to light in the ultraviolet (UV), violet, and green (420 Ð 430, 460, and 530 Ð560 nm, respectively) ranges of the visible spectrum, while mated females are also sensitive to light in the red (640 Ð 670 nm) range.
Recently, multifunnel traps (Lindgren 1983 ) have been shown to be a promising reusable, user friendly tool for catching the emerald ash borer (Francese et al. 2011) , while eliminating the mess of the current adhesive-coated prism traps. Green multifunnel traps (based on a color attractive to the emerald ash borer) caught more A. planipennis than the standard black multifunnel traps as well as purple multifunnel and prism traps in trapping assays conducted in heavily infested areas in southeastern and southÐ central Michigan. A trap surface coating treatment was shown to be necessary to increase the efÞciency of traps (Francese et al. 2011) . Untreated control traps caught fewer beetles than their treated counterparts. The most effective traps tested by Francese et al. (2011) were coated with Rain-X (Original Formulation, SOPUS Products, Houston, TX), a commercially available, silicone-based glass surfactant shown to increase catches of two buprestid species in earlier studies (deGroot and Nott [2003] ). Cerambycid traps coated with ßuon (Northern Products Inc., Woonsocket, RI), a ßuoropolymer, showed a profound increase in catch over traps coated with Rain-X (Graham et al. 2010) . Fluon-coated intercept panel traps have been shown to remain effective for more than one Þeld season (Graham and Poland 2012) , while Rain-X-coated traps need to be retreated during the Þeld season (Francese et al. 2011 (Francese et al. , 2013 .
Unlike Rain-X, which remains clear, ßuon dries to a mottled white residue on the surface. This residue could mask the color underneath the coating of the trap, causing a possible change to the color proÞle of the trap. Fluon is also expensive, costing approximately eight times more per volume than Rain-X. Cost could be a prohibitive factor in a large-scale survey program. Using a less concentrated solution of ßuon thereby reducing the amount used per trap could reduce programmatic costs substantially. Chen and Wei (2007) demonstrated that ßuon used to coat plastic containers housing Þre ants, Solenopsis invicta Buren (Hymenoptera: Formicidae) could be diluted to a 1:32 solution and still retain efÞcacy on a multitude of surfaces. Recent trapping research for the Asian longhorned beetle, Anoplophora glabripennis (Motschulsky) (Coleoptera: Cerambycidae) has been conducted with a 10% solution of ßuon (in water) that appeared comparable with undiluted ßuon in initial testing (K. Hoover, personal communication). Miller and Crowe (2009) found that differences in multifunnel trap length (by changing the number of funnels) affected the capture of some species of barkand wood-boring beetles. The standard multifunnel trap size that we have used since 2009 is a 12-unit model. If the size of this trap could be reduced (reducing the number of funnels per trap), it could increase its ease of use and decrease the cost per trap used in survey efforts.
When multifunnel traps were painted using TSU purple they were more attractive than green painted traps; however, when green and purple pigments were incorporated directly into the multifunnel trap plastic, the green traps caught signiÞcantly more beetles than purple traps (Francese et al. 2011) . It was speculated that the difference in the color match between the TSU paint and the purple plastic multifunnel traps may have resulted in lower trap catches when compared with earlier studies using the paint because the color of the plastic was not an accurate match to the TSU purple paint.
The goal of the research described herein is to optimize multifunnel traps for use with the emerald ash borer. Four Þeld assays were conducted in heavily infested ash stands in southeastern and southÐ central Michigan to 1) determine the optimal multifunnel trap size (number of funnels) for capturing A. planipennis adults; 2) compare tinted (green and purple) with untinted (white) ßuon and Rain-X to ascertain the best trap coating for the emerald ash borer multifunnel traps; 3) compare a new purple plastic color match, green, and the originally produced purple color match in multifunnel traps; and 4) determine the optimal concentration of ßuon for use on emerald ash borer multifunnel traps.
Materials and Methods
Traps. The surfaces of plastic multifunnel (coated with and without ßuon) and corrugated plastic prism traps were scanned using a FieldSpec Pro (Analytical Spectral Devices Inc., Boulder, CO) contact probe spectrophotometer set to full range (350 Ð2500 nm) scan mode to measure reßectance curves (Figs. 1 and 2; methods described by Crook et al. 2009 ). For ßuon-coated surfaces, the probe was held Ϸ2 mm above the trap surface during recording to prevent the probe from being contaminated with ßuon.
Green (530 nm, 57%; Fig. 1A ) and purple (now referred to as version 1; 421 nm, 16.3%; 605 nm, 9.5%; 650 nm, 14.2%; Figs. 1B and 2A) plastic multifunnel traps (Chemtica Internacional, San Jose, Costa Rica), previously described by Francese et al. (2011) , were used in 2011 trapping studies, while green traps were also used in 2012 trapping studies. The version 1 purple traps described were also used in the 2012 multifunnel color comparison. A new shade of purple plastic (version 2 purple; 413 nm, 32.8%; 613 nm, 18.8%; 650 nm, 28.5%; Fig. 2A ) was incorporated into multifunnel traps used in 2012. This purple served as a closer match to the TSU purple paint and the Sabic purple plastic that had been shown to be attractive to A. planipennis adults in previous studies (Francese et al. 2010a (Francese et al. , 2011 (Francese et al. , 2013 .
When purple prism traps (Great Lakes Integrated Pest Management [IPM] , Vestaburg, MI) were used in trapping studies, they were constructed from Sabic purple (420 nm, 21.7% and 670 nm, 13.6%; Sabic Polymershapes, Kalamazoo, MI; Fig. 2A ), a plastic color match to TSU purple. Tanglefoot insect trapping glue (Contech, Grand Rapids, MI) was applied to the outer surface of all prism traps.
In the 2011 assays, some or all of the traps in each of the studies were coated with Rain-X. Rain-X was applied to traps by spraying directly from the bottle. Traps were then polished with a microÞber towel. Rain-X was reapplied every 3 wk throughout the trapping season.
In the 2012 assays and the 2011 trap coating comparison, some or all traps were coated with ßuon (in 2011;
as Insect-A-Slip Insect Barrier, Bioquip Products, Rancho Dominguez, CA, in 2012). A dish sponge was dipped into a container Þlled with Ϸ250 ml of ßuon at the desired concentration. The sponge was then used to coat both the inside and outside of each funnel of a multifunnel trap. Traps were then allowed to dry in the laboratory for 24 h before being deployed in the Þeld.
Trapping Methods. For all trapping studies, traps in each line (treated as replicates) were hung in a randomized complete block design along the edges of white (Fraxinus americana L.) and green (Fraxinus pennsylvanica Marshall) ash-dominated wood- lots in southeastern and southÐ central Michigan. Within a trap line, traps were hung in adjacent host trees with ropes and hoisted to the desired height in the lower canopy (5Ð 8 m). To facilitate raising and lowering traps, a rope was attached to one of the peg holes in the lowest funnel to assist in guiding traps around understory trees and thick underbrush.
Multifunnel Trap Size (Number of Funnels) Comparison. In 2011, four sizes of multifunnel traps were compared on two colors of multifunnel traps, purple version 1 and green. Trap size was reduced or enlarged by removing or adding funnels from the trap. The traps were tested in the following sizes: 1) 4-funnel, 2) 8-funnel, 3)12-funnel(thestandardusedbyFranceseetal. [2011] ), and 4) 16-funnel. All traps were treated with Rain-X. Fifteen trap lines were placed at four sites in St. Johns, Clinton County, MI (n ϭ 4, n ϭ 4, n ϭ 3, and n ϭ 1) and one site in Vermontville, Eaton County, MI (n ϭ 3).
Multifunnel Trap Coating Comparison. In 2011, three trap coatings were compared with an untreated control trap on two colors of multifunnel traps, green and version 1 purple. The three coating treatments tested were: 1) Rain-X, 2) untinted ßuon, and 3) tinted ßuon (green or purple). Untinted ßuon was applied to the trap as manufactured. Tinted ßuon was produced by adding green or purple pigment to a 946-ml container of untinted ßuon, with ßuon essentially acting as a base paint. Pigment was added per the speciÞca-tions used to create Sherwin Williams SW6931, Jolly Green, to produce green tinted ßuon (Fig. 1A) . Pigment was added as per the speciÞcations originally used to create TSU purple paint, as described by Oliver et al. (2002) to produce purple tinted ßuon (Fig.  1B) . The green and purple plastics used to produce the multifunnel traps are also based on color matches to Jolly Green and TSU purple, respectively (Francese et al. 2011) . Fluon was tinted at Sherwin Williams Paint and Stain Wallpaper store in E. Falmouth, MA, and gently stirred with a wooden paint stirrer. Fifteen trap lines were placed at one site in St. Johns, Clinton County, MI (n ϭ 6), and two sites in Vermontville, Eaton County, MI (n ϭ 6, n ϭ 3).
Multifunnel Trap Color Comparison. In 2012, the version 2 purple multifunnel trap was produced and compared with green and purple version 1 multifunnel trap colors as well as a Sabic purple prism trap in a color comparison assay. The colors and designs compared were: 1) a green multifunnel trap coated with untinted ßuon, 2) a purple version 1 multifunnel trap coated with untinted ßuon, 3) a version 2 purple multifunnel trap coated with untinted ßuon, 4) a purple version 2 multifunnel trap coated with tinted (purple) ßuon, and 5) a Sabic purple prism trap. Twenty trap lines were placed at three sites with one site each in Vermontville, Eaton County, MI (n ϭ 10), Westphalia, Clinton County, MI (n ϭ 5), and SunÞeld, Ionia County, MI (n ϭ 5).
Fluon Concentration Comparison. In 2012, three concentrations, 100, 50, and 10% of ßuon were compared on version 2 purple and green multifunnel traps. The 100% ßuon was undiluted from the bottle, and the other two ßuon concentrations were produced by diluting undiluted ßuon at 1:1 (50%) or 9:1 (10%) using water (water:ßuon). Fifteen trap lines were placed at four sites with two sites in Westphalia, Clinton County, MI (n ϭ 5, n ϭ 2), one in Vermontville, Eaton County, MI (n ϭ 5), and one in SunÞeld, Ionia, County, MI (n ϭ 3).
Data Collection. Traps were placed in the Þeld from 23 May to 27 May 2011 (multifunnel size and multifunnel trap coating comparisons) and 14 May to 18 May 2012 (multifunnel color comparison and ßuon concentration comparisons) and checked weekly from 6 June to 2 August 2011 and 29 May to 20 July 2012, respectively. Wet trap collection cups were Þlled with 150 Ð200 ml of propylene glycol, which acted as a surfactant and preservative (Arctic Ban, Camco, Greensboro, NC). During weekly checks, the contents of each trap cup were strained using a paper paint Þlter. Paint Þlters were then placed in individual, labeled Whirl-Pak sampling bags (Nasco, Fort Atkinson, WI) and ethanol was added for preservation until sorting and identiÞcation could be conducted. During the 2012 trap color comparison, captured A. planipennis were also removed from the outside of the glued prism traps and placed in labeled zipper bags for later sorting and identiÞcation.
Statistical Analyses. In all assays, collected beetles were sexed and summed for each trap over the entire Þeld season. The summed catch was log-transformed log (y) for all studies except for the trap coating comparison where log (y ϩ 0.5) was used to accommodate several traps where zero beetles were caught) before statistical analysis. Analyses of variance (ANOVA) using the general linear model were performed on the transformed total number of A. planipennis adults captured per trap (Systat 13, Systat Software, Inc., Chicago, IL). For the multifunnel trap-size comparison, the model included main effects for trap color, trap size (number of funnels per trap or trap type), and trap line in addition to the interaction effect between trap color and trap size. For the multifunnel trap coating comparison, the model was performed with main effects for trap color, trap coating, trap line, and with the interaction effect between trap color and trap coating. The model for the multifunnel trap color comparison was performed with main effects for trap color and trap line, while the model for the ßuon concentration comparison was performed with main effects for trap color, ßuon concentration, trap line, and with the interaction effect between trap color and ßuon concentration. For each ANOVA with signiÞ-cant main effects, means were separated using TukeyÕs honestly signiÞcant difference (HSD) (␣ ϭ 0.05).
The sex ratio for each trap was calculated as the proportion of males caught to the total number of beetles caught throughout the trapping season. Sex ratio data were arcsine-square root transformed before statistical analysis. ANOVAs were performed on sex ratio per trap for each of the four studies using the same effects for the models as listed for trap catch. For each ANOVA with signiÞcant main effects, means were separated using TukeyÕs HSD (␣ ϭ 0.05).
CIs (95%) were calculated from the SE of the transformed trap catch and sex ratio data. Means and CIs were then back-transformed for presentation in the text and tables that follow.
Results

Multifunnel Trap Size (Number of Funnels) Comparison.
The interaction between the number of funnels per trap and trap color did not inßuence mean trap catch of A. planipennis on multifunnel traps (F ϭ 0.52; df ϭ 3, 98; P ϭ 0.668); therefore, the ANOVA was rerun with the interaction term pooled into the model error. Trap color (F ϭ 18.85; df ϭ 1, 101; P Ͻ 0.001), the number of funnels per trap (F ϭ 34.75; df ϭ 3, 101; P Ͻ 0.001), and trap line (F ϭ 2.27; df ϭ 14, 101; P ϭ 0.010) had a signiÞcant effect on the number of A. planipennis caught with multifunnel traps. Green traps (70. 2 [58.7Ð 84.1, 95% CI]) caught signiÞcantly more beetles than purple traps (34.0 [9.1Ð39.6]). Further, 12-and 16-unit traps caught more A. planipennis than 8-and 4-unit traps, while the 8-unit traps caught signiÞcantly more beetles than the 4-unit traps (Table 1) . There was no signiÞcant difference between 12-unit and 16-unit traps.
Trap color (F ϭ 39.65; df ϭ 1, 98; P Ͻ 0.001), the interaction between trap color and number of funnels per trap (F ϭ 4.81; df ϭ 3, 98; P ϭ 0.004), and trap line (F ϭ 2.32; df ϭ 14, 98; P ϭ 0.008) had a signiÞcant effect on the sex ratio of A. planipennis adults caught using multifunnel traps but the number of funnels per trap did not (F ϭ 0.995; df ϭ 3, 98; P ϭ 0.398). The proportion of males caught using green traps (0.53 [0.49 Ð 0.56, 95% CI]) was higher than those caught using purple traps ( Multifunnel Trap Coating Comparison. Trap color (F ϭ 21.71; df ϭ 1, 98; P Ͻ 0.001), the type of coating applied to the trap (F ϭ 37.07; df ϭ 3, 98; P Ͻ 0.001), the interaction between trap color and trap coating (F ϭ 4.54; df ϭ 3, 98; P ϭ 0.005) and trap line (F ϭ 11.12; df ϭ 14, 98; P Ͻ 0.001) had a signiÞcant effect on the number of A. planipennis caught using multifunnel traps. Green traps (88.2 [68.6 Ð113.5, 95% CI]) caught signiÞcantly more beetles than purple traps (36.3 [28.8 Ð 45.8] Untinted ßuon coated traps also caught more beetles than Rain-X coated traps, but there were no signiÞcant differences among any of the other treatments. Green traps coated with untinted ßuon caught the most beetles compared with all the colorÐtrap coating combinations, while uncoated purple and green traps caught the least amount of beetles (Table 2 ). There were no signiÞcant differences among any of the other colorÐ trap coating combinations.
Trap color (F ϭ 13.5; df ϭ 1, 94; P Ͻ 0.001) had a signiÞcant effect on the sex ratio of A. planipennis adults caught on multifunnel traps, whereas the trap coating (F ϭ 2.67; df ϭ 3, 94; P ϭ 0.052) and the interaction between trap color and trap coating (F ϭ 0.96; df ϭ 3, 94; P ϭ 0.416) and trap line (F ϭ 1.76; df ϭ 14, 94; P ϭ 0.056) did not. The proportion of males caught using green traps (0.50 [0.47Ð 0.53, 95% CI]) was higher than those caught using purple traps (0.35 [0.32Ð 0.38 
]).
Multifunnel Trap Color Comparison. Trap color or type (F ϭ 15.49; df ϭ 4, 76; P Ͻ 0.001) and trap line (F ϭ 2.89; df ϭ 19, 76; P ϭ 0.001) had a signiÞcant effect on the number of A. planipennis caught using multifunnel traps. Green multifunnel traps caught signiÞ-cantly more A. planipennis adults than the other trap colors and types, but there was no signiÞcant difference among any of the other treatments (Table 3) .
Trap color or type (F ϭ 8.12; df ϭ 4, 76; P Ͻ 0.001) and trap line (F ϭ 4.12; df ϭ 19, 76; P Ͻ 0.001) also played a role in the sex ratio of the A. planipennis adults caught using multifunnel traps. The proportion of males caught on traps was highest on the green multifunnel traps, but there was no signiÞcant difference among any of the other treatments (Table 3) .
Fluon Concentration Comparison. The interaction between the ßuon concentration and trap color did not inßuence mean trap catch of A. planipennis on multifunnel traps (F ϭ 2.26; df ϭ 2, 70; P ϭ 0.112); therefore, the ANOVA was rerun with the interaction term in the model error. Trap color (F ϭ 25.46; df ϭ 1, 72; P Ͻ 0.001), ßuon concentration (F ϭ 4.56; df ϭ 2, 72; P Ͻ 0.001), and trap line (F ϭ 4.07; df ϭ 14, 72; P Ͻ 0.001) had a signiÞcant effect on in the number of A. planipennis caught using multifunnel traps. Green traps (293.8 [238.2Ð362.4 , 95% CI]) caught signiÞ-cantly more beetles than purple traps (111.1 [98.6 Ð 125.2]). Traps coated with 100 and 50% concentrations of ßuon caught more beetles than traps coated with a 10% concentration, but there was no difference between the 100 and 50% concentrations (Table 4) . a All data log (y) transformed before analysis. Back-transformed means and 95% CIs are presented. Letters denote signiÞcant differences between treatments (␣ ϭ 0.05; TukeyÕs HSD). All traps were coated with Rain-X. 79.7 (50.3Ð126.4)b a All data log (y ϩ 0.5) transformed before analysis. Back-transformed means and 95% CIs are presented. Letters denote signiÞcant differences between treatments (␣ ϭ 0.05; TukeyÕs HSD).
b Rain-X was sprayed directly on to each trap and then buffed with a microÞber towel.
c Fluon was applied using a sponge that had been dipped in a container of undiluted ßuon.
d Fluon was tinted using the same color as the trap to which it was applied (i.e., green ßuon was applied to green multifunnel traps and purple ßuon was applied to purple multifunnel traps).
Trap color (F ϭ 97.41; df ϭ 1, 70; P Ͻ 0.001), the interaction between trap color and ßuon concentration (F ϭ 8.40; df ϭ 2, 70; P ϭ 0.001), and trap line (F ϭ 5.43; df ϭ 14, 70; P Ͻ 0.001) had a signiÞcant effect on the sex ratio of A. planipennis adults caught on multifunnel traps, but ßuon concentration did not (F ϭ 2.72; df ϭ 2.70; P ϭ 0.073). The proportion of males caught using green traps (0.50 [0.48 Ð 0.52, 95% CI]) was higher than those caught using purple traps ( 
Discussion
Larger sized (12-and 16-unit) multifunnel traps are more effective at capturing emerald ash borers compared with their smaller counterparts. This is similar to earlier studies where prism trap size and silhouette appeared to play an important role in determining the numbers of emerald ash borers captured (Francese et al. 2010b ). Larger prism traps were shown to catch more A. planipennis and record higher detection rates (at least one beetle caught on a trap) than smaller traps, probably because they provide a larger visual target for beetles. From a survey standpoint, the 12-unit traps would be more desirable than the 16-unit traps as they require less maneuvering through the canopy and less clearance from lower branches because of their smaller size. The cost per trap (and coating) of the 12-unit trap would also be lesser than the 16-unit trap.
Adult A. planipennis catch on the green traps was not adversely affected by the translucent white coating. Conversely, those green traps coated with the untinted ßuon caught almost four times more beetles than their green-tinted ßuon-coated and Rain-Xcoated counterparts and 33 times as many as the untreated traps. This increase in catch is similar to that achieved by Lyons et al. (2012) . If there was a diminishment of attraction to the white-coated traps, it was outweighed by the ability of the traps to catch more beetles than the less effective green-tinted and Rain-X coatings. The white ßuon coating did not appear to affect the spectral reading of the green traps greatly. Green-tinted ßuon, however, changed the spectral reßectance dramatically. The green paint that is used to create the Jolly Green color uses a yellow base to achieve the desired shade. Fluon acted as a white base; hence, adding the pigment to ßuon did not produce a close match to the reßectance of either the paint or the plastic. This change in reßectance may have reduced the attraction of the emerald ash borer to multifunnel traps.
Fluon concentration can be reduced to 50% and catch rates equal to undiluted ßuon can be maintained, but reducing it further may increase the ability of beetles to escape, consequently negatively inßu-encing trap catch. In addition, catch among traps at the three concentrations of ßuon did not appear to be affected by or interact with trap color. The 50% reduction in concentration would result in a signiÞcant reduction in cost because less ßuon would be needed to treat the same number of traps. The optimal concentration of ßuon is likely somewhere between 50 and 10%. Additional studies are planned to examine dilutions between 50 and 10% ßuon to more accurately elucidate the optimal ßuon concentration for trapping efÞcacy.
The catch on traps of different colors for the emerald ash borer is usually sex-skewed with males generally more attracted to green traps and females to a All data log (y) transformed before analysis. Back-transformed means and 95% CIs are presented. Letters denote signiÞcant differences between treatments (␣ ϭ 0.05; TukeyÕs HSD).
b All data arcsine (√y) transformed before analysis. Back-transformed means and 95% CIs are presented. Letters denote signiÞcant differences between treatments (␣ ϭ 0.05; TukeyÕs HSD).
c White, untinted ßuon was applied to these traps. d Fluon was tinted using the same color as the trap to which it was applied (i.e., green-tinted ßuon was applied to green multifunnel traps and purple-tinted ßuon was applied to purple multifunnel traps). purple traps (Crook et al. 2009; Francese et al. 2010a Francese et al. ,b, 2011 Francese et al. , 2013 Grant et al. 2010 Grant et al. , 2011 ). In the current study, sex ratio was not affected by the coating type in either the trap-coating or the ßuon-concentration assays. Fluon appears to reduce escape by both sexes equally in terms of trap catch.
The version 2 purple multifunnel traps were not signiÞcantly different from the version 1 purple multifunnel traps. Finding the optimal multifunnel trap plastic color match to the TSU paint has proven difÞcult (Francese et al. 2011) . Although the color match appeared to be closer to the TSU paint than the original plastic, trap catch was not affected. Green multifunnel traps out-caught all of the purple (multifunnel and prism) traps. This is typical of trapping for the emerald ash borer as green traps almost always yield a higher catch than purple traps (Crook et al. 2009; Francese et al. 2010a Francese et al. ,b, 2011 .
Green multifunnel traps, when coated with ßuon, yielded higher trap catches than any of the other trap types tested. Higher trap catch does not always translate to higher detection rates (the ability of a trap to catch at least one beetle) because detection rates on green traps can be lower than those on purple traps in less heavily infested areas along the edges of an infestation (Marshall et al. 2010 , Francese et al. 2013 ). The latter of those two studies found that Rain-X coated, green multifunnel traps caught less beetles and had a lower detection rate (58%) than gluecoated, purple prism traps in low density populations. Beetles are more readily caught in the ßuon-coated traps than in those treated with Rain-X. Fluon may also produce a signiÞcant increase in detection rates for green multifunnel traps because it increases trap efÞciency. Assays to test this hypothesis are currently being conducted in outlying infestations.
Because of their higher initial cost than the currently used prism trap (especially with the ßuon coating), it is important that multifunnel traps be reusable from year to year. Black multifunnel traps when handled carefully stand up to years of use in the Þeld. Graham and Poland (2012) found that ßuon-treated panel traps can be reused for several years. Future and ongoing assays will evaluate the effectiveness of ßuon-coated, green and purple multifunnel traps over years of use in the Þeld.
